Abstract: An approximate analytical solution of the non-integrable problem of steady-state adiabatic interaction of a cnoidal wave with a breather is obtained. The solving algorithm is described by the example of one-dimensional problem of steady-state interaction of a plane cnoidal wave with circular polarization (the "information" signal) with orthogonally polarized rational soliton (the "control" signal) in an isotropic nonlinear gyrotropic medium with Kerr nonlinearity and second-order group-velocity dispersion. It is shown that such the interaction results in a strong amplitude and frequency modulation of the information signal and this modulation is localized in the region where intensity of the control signal changes. 
Introduction
Features of interaction of self-consistent solutions of nonlinear problems (breathers, solitons, and cnoidal waves [1] ) have recently attracted an increasing interest [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . This follows from some rather evident reasons. Firstly, the use of optical solitons is a very promising tool in ultra-fast data transmission [12] [13] [14] . Therefore, solution of the interaction problem provides the answer to a crucial question about possibility or impossibility of simultaneous transmission of multiple streams of undistorted optical information through the common channel. Secondly, due to such processes we can control characteristics of radiation, passed through a nonlinear medium, by means of optical signals [15] [16] [17] . For the media with electronic nonlinearity such control can be extremely fast. And finally, thirdly, this problem is of large fundamental interest. The fact is that this problem is of multi-parametric character and in most cases is described by a non-integrable system of nonlinear equations [18] . Therefore, to solve this system, the numerical methods are commonly used, what does not always make it possible to trace the role of each parameter and make any definite conclusions.
To yield an analytical answer providing an unambiguous interpretation, some approximate methods are often used. Under certain restrictions this is a very promising approach. The most commonly used methods are the perturbation theory [19] and the linearization technique [20] . However, since breathers, solitons, and cnoidal waves are "purely nonlinear objects", they cannot be properly described in terms of lower-order perturbation theory [19] and require too long series of successive approximations. Results obtained by the linearization technique must always be mentally extrapolated to the nonlinear case [20] .
The adiabatic approximation enables one to describe nonlinear interactions between "fast" and "slow" subsystems (see [21] and reference in it) is very popular both in the quantum, classical and semi-classical descriptions of nonlinear dynamics of quite different systems [22] . Combining this approximation with a procedure of separation of variables has recently enabled obtaining the approximate analytical solutions of non-integrable problem of interaction of two cnoidal waves [21] . In this paper, we demonstrate that quite similar approach can be successfully used in situations where this procedure cannot be used. The solving scheme is described by the example of one-dimensional problem of interaction of a plane cnoidal wave with circular polarization (the "information" signal) with orthogonally polarized rational (or Peregrine) soliton [23, 24] (the "control" signal) in an isotropic gyrotropic medium with Kerr nonlinearity and second-order group-velocity dispersion. It is shown that in this case interaction with the control signal results in appreciable amplitude and frequency modulation of the information signal and this modulation is localized in a region where the control signal intensity changes.
Statement of the problem and the calculation scheme
Let's write a system of two coupled nonlinear Schrödinger equations (NSEs) for the problem of interaction of two plane light waves with orthogonal circular polarizations (the information and control signals) in a standard [20, 21] To solve the system Eq. (1) we firstly separate the variables in Eq. (1b) by substituting
where the constant κ − and the function ( ) r t − are real. This results in an ordinary differential equation + is supposed to be the "slow" one and, after substituting Eq. (2) into Eq. (1a), the latter can be averaged over the fast oscillations in time: 
Here K( ) μ + and E( ) μ + are the complete elliptic integrals of the first and second kinds [25] .
After substituting the Eq. (6) into Eq. (4), we obtain the following equation
where
Because Eq. (7) is independent NSE, we can write down its solution in forms of so-called breathers, for example, in the form of a rational soliton [23, 24] :
where 0 P is the free constant related to the power flux in the coherent continuous background.
In Eqs. (7) and (9) 
Note that in Eq. 
